Background: The purpose of this study was to investigate how physical activity (PA), cardiorespiratory fitness (CRF), and body composition are associated with heart rate variability (HRV)-based indicators of stress and recovery on workdays. Additionally, we evaluated the association of objectively measured stress with self-reported burnout symptoms.
Background
Physical activity (PA) is one of the factors that protects against stress [1] . Exercise and psychological stress have similar acute physiological effects because both result in potent increases in cardiovascular, sympathetic, and hypothalamic pituitary adrenocortical responses and decreases in parasympathetic responses [2] . Repeated bouts of exercise lead to physiological adaptations, including decreased resting heart rate (HR) and blood pressure and increased parasympathetic activity [3] . The theory of "cross-stressor adaptation" suggests that regular PA and good fitness lead to adaptations in response to both exercise and psychological stressors [2, 4] .
The assessment of heart rate variability (HRV) has gained importance as a technique to explore the function of the autonomic nervous system (ANS) and has been widely used to diagnose both psychological and physiological disorders [5] . HRV is the beat-to-beat variation in time of consecutive heartbeats expressed in normal sinus rhythm on an electrocardiogram [6, 7] . The separate rhythmic contributions from sympathetic and parasympathetic autonomic activity modulate the heart's R wave to R wave intervals (RR intervals) of the QRS complex at distinct frequencies [8] . Both sympathetic and parasympathetic activity have been suggested to be associated with the low frequency (LF) range (0.04-0.15 Hz) because parasympathetic activity is a major contributor to the high frequency (HF) range (0.15-0.4 Hz) component in modulation of frequencies of the HR [9, 10] . Higher HRV characterizes a healthy person with efficient autonomic mechanisms and good adaptation ability while lower HRV is an indicator of abnormal and insufficient adaptation of the ANS [7, 11] . Reduced HRV is suggested to be associated with harmful events in health [12] .
A greater amount of reported stress is suggested to be associated with lower HRV [13] . Also, the effects of PA, cardiorespiratory fitness (CRF), and adiposity on HRV profile have been of interest. Chronic exercise increases HRV [14] [15] [16] , and favorable HRV profiles are associated with higher levels of PA [17] and better CRF [18] . Additionally, obesity has been associated with altered ANS activity [19] . Some studies have found HRV profiles to be relatively poor among obese subjects [20, 21] and to improve with weight loss [22] .
Work-related stress and physical inactivity are major concerns in society today. The current interest is in reducing both work-related stress and inactivity, and objective methods, such as the HRV-based approach, are needed to diagnose stress symptoms. To make recording of HRV a practical tool for field measurements, new approaches for HRV analysis are needed. For instance, age is an important determinant of HRV, which also has a large inter-individual variability [9, 23] . Firstbeat Technologies Ltd. has been developing this kind of diagnostic tool to measure and define stress and recovery based on individual values for HR and HRV (for more information, see the company's web page [24] ). Some stress and recovery variables, calculated with this tool, are suggested to be related to chronic work stress and emotions at work [25] . Using this tool, we investigated how different indicators of PA, CRF, and body composition, which are related to each other, are associated with HRVbased indicators of stress and recovery on workdays among healthy young men. The secondary aim was to evaluate the association between objectively measured stress and self-reported burnout symptoms.
Methods

Subjects
The population of this cross-sectional study consisted of groups from two separate studies, the FitFatTwin study (FFT study) and the Body & Future Health study (BFH study). The identical measurements of the cross-sectional FFT study and the baseline measurements of the BHF were pooled for this analysis. In total, 46 men (23 monozygotic twin pairs) participated in the FFT study. The BFH study included 37 men, two of whom were excluded from this study because their HRV recordings included only days off from work. Altogether, 81 healthy males (age range 26-40 y) who were not on regular medication were included in the present study. The twin study was enriched with pairs having within-pair differences in their PA habits. Because the BFH study was originally planned to investigate overweight and physically inactive individuals, it involved the following inclusion criteria: BMI 25.0-35.0 kg/m 2 , waist circumference ≥94 cm, no vigorous exercise (>20 min/session) more than twice a week, and no smoking; for more information, see the registered controlled trial protocol [26] . Levels of HRVbased stress and recovery did not differ between the participants of these two studies. However, the participants from the FFT study had more favorable body composition, better CRF, and a higher self-rated activity class. The characteristics of the participants of the present study are presented in Table 1 .
Both studies were conducted according to the ethical rules stated in the Declaration of Helsinki. All participants were informed about the study, and they signed written informed consent prior to any measurements. The study Table 2 . These variables included the traditional HRV variable RMSSD (root mean square of successive differences), which is a time domain measure of HRV, and plots HRV as the change in normal RR intervals over time [31] . The HRV data consisted of successfully recorded (RR intervals corrected max 25 percentages) workdays. The stress and recovery values were the mean values of the workdays with the number of days being one (n = 10), two (n = 70), or three (n = 1). The stress and recovery variables were determined from the whole recording day (24 h) or only from working hours or sleeping hours. Working hours, sleeping time, and alcohol consumption were determined from the participants' measurement diaries, which they were advised to keep over the measurement period. Alcohol consumption was reported daily in standard units of approximately 12 g of ethanol (one unit: 33 centiliter [cl] beer or 12 cl red or white wine or 8 cl fortified wine or 4 cl liquor).
The Bergen Burnout Inventory (BBI) was used in the assessment of occupational burnout. This inventory is employed in some Finnish occupational health services to monitor and screen stress levels [32] and includes 15 questions concerning three subcategories of burnout: exhaustive fatigue, cynicism, and impaired occupational self-respect. Answers to the 15 questions were given using a Likert-type response scale, which was scored from 1 (totally disagree) to 6 (totally agree), and the total scores were between 15 and 90 [33] .
Body weight and height were measured in the morning. The body mass index (BMI) is computed as weight/ height 2 (kg/m 2 ). The whole body fat percentage was evaluated after fasting 10-12 h using dual-energy X-ray absorptiometry (GE Lunar Prodigy Advance, GE Healthcare). The software used for picture handling and analysis was enCORE™ 2009, version 13.20 (GE Healthcare).
The volume of PA (MET index) was retrospectively inferred using a modified version [34] of the Kuopio Ischemic Heart Disease Risk Factor Study Questionnaire [35] , which included questions on leisure-time PA and PA during journeys to and from work, as well as daily activities such as gardening and berry picking. Monthly frequency, mean duration, and mean intensity of each form of activity were evaluated. A multiple of the resting metabolic rate (MET) was assigned for each activity to describe the intensity of the form of PA. The 3-month (BFH study) and 12-month (FFT study) MET indexes for each form of PA were calculated by multiplying the intensity (MET), duration (h), and monthly frequency of the activity, and the MET index was expressed as the sum score of different activities (MET-h/d).
The other method used to estimate PA level was selfreported activity class using a 0-10 scale to represent the activity level of the previous 2-3 months. The values from 0 to 7 were modified from Ross and Jackson's [36] scale. The values from 7.5 to 10 were added by Firstbeat to include more seriously training individuals and athletes in the scale (for more details, see the white paper by Firstbeat Technologies Ltd. [37] ).
CRF was assessed using the cycle ergometer test and a slightly modified World Health Organization protocol [38] with 2-min stages and 25 W/stage increases in workload. The test was submaximal in the BHF study and maximal with breath-by-breath respiratory gas-exchange analysis in the FFT study. The submaximal cycle ergometer test was ended after the workload during which the tested person achieved the submaximal HR level (85-88% from the maximal HR), which was defined from maximal HR based on the participant's age (210 -(0.65 × age)). In the FFT study, three people did not participate in the maximal cycle ergometer test, and in the case of seven participants, a submaximal test was performed instead of the maximal test for health or motivational reasons. In the analyses, the values used for the maximal oxygen consumption (VO 2max ) are the results of submaximal workload-based calculations for all participants. VO 2max was calculated from the submaximal test values of the maximal cycle ergometer test (n = 36). The correlation between this calculation from submaximal workloads and the value from the maximal oxygen consumption test was significant (P < 0.001).
Statistical analysis
Statistical analyses were performed using Mplus version 7 [39] . The statistical significance was set at P ≤ 0.05. The estimator used was maximum likelihood with robust standard errors that are robust against non-normality. The effect of clustered data (twins) was controlled using the type complex definition in Mplus. A few missing values (VO 2max n = 3 and BBI n = 1) were inferred to be missing at random. Because the variables under interest are known to be related to each other, structural equation modeling was used to investigate how PA, fitness, and body composition are associated with HRV-based indicators of stress and recovery. In the first stage, estimates of each independent variable (body fat percentage, BMI, VO 2max , MET index, and activity class) were determined to explain the dependent stress and recovery variables. In the second stage, to investigate how much of the variance of the stress and recovery variables is explained by PA, fitness, and body composition together, a latent factor variable was formed from the MET index, activity class, VO 2max, body fat percentage, and BMI. In addition, structural equation modeling was used to investigate the association of the HRV-based stress and recovery variables with the BBI total scores.
The model fit was evaluated using the χ 2 test, comparative fit index (CFI), Tucker Lewis Index (TLI), root mean square error of approximation (RMSEA), and standardized root mean square residual (SRMR). For a good-fitting model, the χ 2 test is non-significant; CFI and TLI are at least 0.95; RMSEA is no more than 0.06; and SRMR no more than 0.08 [40] .
Results
Body fat percentage was positively associated (β = 0.306, P = 0.005) whereas VO 2max (β = −0.311, P = 0.019), MET index (β = −0.304, P < 0.001), and activity class (β = −0.326, P = 0.001) were negatively associated with HRV-based work stress. Similarly to works stress, the other HRV-based stress variables were associated with body composition, CRF, and PA. However, BMI was positively associated with total stress (β = 0.272, P = 0.003) and stress index (β = 0.478, P < 0.001). MET index was not associated with stress index (P = 0.440).
The indicators of recovery during night-time sleep (RMSSD, stress balance, recovery index) were negatively associated with body fat percentage and BMI and positively associated with VO 2max . Activity class was positively associated with stress balance value (β = 0.237, P = 0.025). Table 2 The description of variables of stress and recovery based on firstbeat analysis server Stress variables For non-exercise data segments, continuous indices of stress are used to identify the time when the body is in a stress state. Stress state is defined as an increased activation in the body when sympathetic nervous system activity is dominating and parasympathetic activation is decreased. Stress can be induced by external and internal stress factors, and the definition of the stress state does not take into account the nature of the stress response, i.e., whether it is positive or negative.
Work stress
The percentage of stress time during working hours Total stress The percentage of stress time in a workday (including leisure time and night)
Stress index Absolute value characterizing the magnitude of stress processes on a workday (including leisure time and night)
Recovery variables, 24 hours Continuous indices of recovery are used to identify the time when the body is in a recovery state. Recovery state is defined as a decreased activation in the body during recovery, rest, and/or peaceful working. This state is related to the lack of external and internal stress factors, and parasympathetic activation is dominating. Body fat percentage (β = −0.445, P < 0.001) and BMI (β = −0.355, P < 0.001) were negatively associated whereas VO 2max (β = 0.465, P < 0.001), MET index (β = 0.356, P < 0.001), and activity class (β = 0.418, P < 0.001) were positively associated with total recovery. Body fat percentage (β = −0.343, P = 0.002) and BMI (β = −0.309, P = 0.001) were negatively associated whereas VO 2max was positively associated with 24-h recovery index (β = 0.331, P = 0.010). MET index (P = 0.414) and activity class (P = 0.151) were not associated with 24-h recovery index.
Because the age range of the participants was relatively small and adjustment for age changed the results very minimally, the age-adjusted results are not shown. Adjustments for alcohol consumption, working time, or sleeping time influenced the results only minimally or modestly (Table 3) . Adjustments for alcohol most influenced the associations of VO 2max with the stress and recovery variables. The results are presented in greater detail in Table 3 .
A latent factor variable ( Figure 1 ) was formed from body fat percentage, BMI, VO 2max , MET index, and activity class because these variables correlated significantly. The latent variable was a significant explanatory variable for all of the stress and recovery variables except RMSSD. It explained total recovery best at 30.1% of its variance. Among stress variables, the variance of total stress was best explained (27.5%) by the latent factor, which also explained 14.1% of the variance of work stress. The estimated model fit to the data well (χ 2 (35) = 41.09, P = 0.22, CFI = 0.99, TLI = 0.98, RMSEA = 0.046, SRMR = 0.06), and all the modification indices were lower than 4, which indicated that were no additional parameters that would have increased the fit of the model for the analysis.
In addition, objectively and subjectively measured stress levels were significantly associated (Table 4) . HRV-based work stress (β = 0.272, P = 0.003) and total stress (β = 0.304, P = 0.001) explained the variation in total score of the BBI questionnaire. Adjustment for age changed the results only minimally, but after adjustment for body fat percentage, associations between work stress and the BBI total score did not persist.
Discussion
The results of this study showed that there were significant associations among PA, CRF, body composition, and novel HRV-based levels of stress and recovery in real life on workdays. Greater PA level, better CRF, and more favorable body composition were associated with lower stress levels during working hours as well as with lower stress levels and higher recovery levels throughout the whole day. Better recovery at night was associated with better CRF and a more favorable body composition. Additionally, the relationship between objectively measured stress and self-reported burnout symptoms was significant, and further analysis showed that body composition explained it in part.
The results of the present study are mainly in line with those of earlier studies that used traditional HRV measures. Favorable HRV profiles may be related to PA and CRF [15, 16] while stress appears to be linked with reduced leisure-time PA [41] and lower physical fitness [2, 42] . Earlier studies have proposed that fit individuals would show attenuated physiological reactivity to psychological stressors compared with sedentary individuals [43, 44] . A more recent meta-analytic review by Forcier et al. [2] also provided support for the cross-adaptation hypothesis and suggested that fitness training may increase the ability of cardiovascular systems to control responses to acute stressors and also speed cardiovascular recovery from stress.
The present study found that among men, unfavorable body composition was associated with higher objective stress and lower recovery. According to previous studies that have examined stress as a subjective experience, the association between mental stress and body composition has been inconsistent because evidence both supports [45] [46] [47] [48] [49] and refutes [50] [51] [52] [53] it. Additionally, the results suggested that body fat percentage explained part of the association between objectively and subjectively measured levels of stress, indicating that body fat percentage affects both physiological stress and subjective experience of stress among men. However, a previous study by Nyberg et al. [46] found that the relationship between stress and unfavorable body composition may not be linear. In an analysis of pooled European data (n = 161,746), both weight gain and weight loss were associated with the onset of job strain so that the cross-sectional association between job strain and BMI formed a 'U'-shaped curve [46] . The results showed that PA level was not associated with night-time recovery, although regular PA has consistently been associated with better sleep [54] . However, previous findings indicate that PA in the evening may delay the beginning of recovery. Physical fitness may have a role in recovery of HR and HRV after exercise, as could be seen even between trained and highly trained subjects, so that the recovery takes 60-90 min longer in trained subjects [55] . Recovery of HRV also depends on type, intensity, and duration of exercise [56] . In the study of Myllymäki et al. [57] , a late-night exercise caused higher HR during the first three sleeping hours of an exercise day compared to a control day. Mischler et al. [58] reported that prolonged exercise had similar effects on HR during sleep. In addition to these effects of exercise on HR, HRV might decrease during the activity and, for instance, highintensity exercises reduce HRV for 30-60 min afterward in trained and highly trained subjects [55, 56] . Hynynen et al. [59] found that both moderate and heavy endurance exercise even in the daytime has an increasing effect on HR and decreasing effect on HRV during sleep in a dose-response manner. Subjective methods were used to assess the level of PA. The MET index was based on a detailed retrospective interview. This index correlated significantly with measured VO 2max values, supporting its validity to assess the level of PA. Subjective assessment may include some reporting bias; however, although the method undertaken was not objective, it had the advantage of taking several months of subjective data into account. The other method was self-reported activity class, which is regularly reported before the HRV measurement by Bodyguard.
One limitation of the present study is that the effect of different intensities of PA was not investigated; however, both light and moderate to vigorous leisure-time activity are related to lower likelihood of burnout [41] . Another limitation is that fat distribution was not taken into account, even though, according to earlier studies, it may have a role in relation to the HRV profile [19, 60] .
The nature of work in today's society is rather complex, including inexact and variable working hours and a lack of precise division between work time and leisure time, which causes difficulties in determining the level of HRVbased stress during exact working hours.
The current results cannot be generalized to women because the study population consisted of both physically inactive and active young male employees, who were not heavy drinkers or on regular medication. This population was ideal for this study because alcohol intake, diseases, and medications influence ANS [8] . The effect of possible alcohol intake on HRV was taken into account in the analyses. The fact that our study population consisted of young employees who are still establishing their careers highlights the importance of the findings.
Stress can be explained through several biological processes, such as the inflammatory, dopaminergic, and neuroendocrine systems [61] . However, in the present study, the measurement method for stress and recovery Figure 1 The variance of stress and recovery accounted for by physical activity, cardiorespiratory fitness, and body composition. The factor loadings (standardized estimate and S.E.) of body fat%, BMI, VO 2max , MET index, activity class, and the factor loadings (including R 2 ) for Firstbeat variables: work stress (WS), total stress (TS), stress index (SI), total recovery (TR), recovery index 24 h (RI), RMSSD, stress balance (SB), and recovery index sleep (RIS).
was based on HR and HRV, which are affected by the ANS. Stressful situations result in accentuated sympathovagal antagonism, which may be explained by the interaction of acetylcholine and norepinephrine; consequently, HR may become remarkably unstable [62] . The findings of Tulppo et al. [62] suggest that traditional measures of HRV are not specific for measurement of accentuated sympathovagal interaction. The Firstbeat Analysis Server program connects information from these traditional measures of HRV, HR, and respiratory variables in the determination of stress and recovery states from individual HR and HRV values, but it does not separate eustress from distress.
Conclusions
This study used special HR-and HRV-based indicators of stress and recovery and found that PA, CRF, and body composition were associated with these indicators on workdays. On one hand, detailed interview-based MET index and self-reported activity class, and on the other hand, body fat percentage and BMI, associated rather similarly with the indicators of stress and recovery. This suggests that easily collected self-reported activity class and BMI can be used as indicators of PA and body composition in clinical work. The current findings support the usability of the objective indicators of stress (work stress and total stress) as they were associated with self-reported occupational burnout symptoms. Overall, the results support the usability of this HRV-based method in the evaluation of stress and recovery in line with some previous findings supporting its validity and reliability [25, 63] .
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